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T = reaction temperature, °K

u = observed weight gain, g/gof~ohd -1

H Al = maximum weight gain corresponding to the sto:-
chiometric sulfation of alumina, g/g of solid-1

" Wx = maximum weight gain corresponding to the stoi-
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] Concentrahons of hexachlorophene (HCP) ‘and’ penta-’ .

chlorophenol (PCP) in sewage and water samples have
been analyzed by gas chromatography. HCP and PCP lev-
els in 24-hr composite samples of sewage influent collect-
ed simultaneously from three Oregon cities ranged be-
tween 20-31 ppb and 1-5 PPb, respectively. Composite ef-
fluent values from these same sewage treatment plants
were 6-12 ppb HCP and 1-4 ppb PCP, reflecting a 60-70%
removal of HCP and a 4-28% removal of PCP. Analyses of
daily and hourly water samples from the Willamette River
collected just upstream from the city of Corvallis, Ore.,
showed that HCP and PCP were present in river water in
concentrations varying between 0.01-0.1 ppb and 0.10-

- 0.70 ppb, respectively. Conventional processing of raw

Willamette River water at the Corvallis Taylor water -

treatment plant removed about 60% of the HCP and PCP
originally present in the water leaving about 40% of these
chlorophenols in the finished drinking water. Identifica-

" tions of HCP and PCP in sewage effluent and influent,

E being’ discharged

LI

Willamette River water and treated dnnkmg water were
confirmed by mass spectrometry. :
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Increasmg amounte of domestxc and mdustnal wa.ste are
mto "surface waters.. Some _of these
wastes contain toxic chemicals such as chlorophenols,
which resist degradation and tend to persist in the envi-
ronment where they may create senous pubhc healt.h and
water quality problems. ~

Hezachlorophene [HCP, . 2 2’-methylene-bls(3 4, 6-tri-
chloropheno])] and pentachloropbenol (PCP) are two such
chlorophenols, widely used in our society in a variety of

fungicidal or germicidal applications. HCP is employed

pnmanly in consumer products mcludmg soaps, cosmet-
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1To whom correspondence should be addressed.

ics, “and genmcxda] preparatmns ‘whereas PCP is used ex-:
" tensively in industry as a preservatwe and for slime con-
" trol. PCP has been found in streams and accumulated in

e - "" ".-'""-. e

i 'phenol was purchased from Eastman Organic Chemwals.
=" Rochester, N.Y. All solvents or ‘chemicals were reagent’

- grade obtained from commercml sources and were furthef, *..

fish tissues following industrial discharge (Stark, 1969; =~ =~
Rudling, 1970), and HCP is thought to persist similarlyin™ = = .
surface waters for long periods (Bandt and Nehring, 1962). - -
Because HCP and PCP are highly toxic chemicals (Na- S

kaue et al., 1973; Deichmann et al., 1942), we have made -

use of a sensifive gas chromatographxc_ method to deter- .

mine the levels of HCP and PCP in municipal sewage from

three Oregon cities (Corvallis, Eugene, and Salem); in the

"~ Willamette River that receives the sewage discharge from

the three plants; and in a public water supply that employs
treated Willamette River water. The presence of HCP and . -
PCP in sewage and in raw and treated river water has also =
been eonﬁrmed by mass spect:rographxc analysm. AT S
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Chemxcals. Hexachlorophene (U S P grade) was a glﬁ M
of the Givaudan Corp., Clifton, N.J., and was twice re- .. - [’
crystallized from isopropranol-water to yield a punﬁe_d e T
product with mp at 165-6°C. Reagent grade pentachloro=- I i==!

purified as necessary. Ethereal diazomethane (05’ mmol/ ey

" ml) was prepared from Diazald (Aldrich Chemical Co..~

Mfilwaukee, Wis.) according to the directions _provided by
the manufacturer and stored at —4°C until used. Methy- ..
Jene-34C-hexachlorophene with a specific activity of 2.77 - O
mCi/mmol was - obtained from New England Nuclear )
Corp., Boston, Mass, ..« *Z "7 ~iimgTomuem T
Apparatus. Gas chromatography (gc) was carried out in
a Varian Aerograph Hy-Fi 600D gas chromatograph
equipped with a tritium foil electron capture detector. - =
Mass spectrometry was performed with a Varian Atlas
CH-7 mass spectrometer. A majority of the samples were
introduced into the instrument via the inlet probe. In’
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‘" water treatment plant in 2-liter Pyrex reagent bottles -
" after thorough prerinsing of the bottles with the ‘water ™ .
" being sampled. The water samples were also analyzed

. within 48 hr of collection to minimize any additional loss-

. the higher HCP concentrations involved, adsorption to the - '_..-L ;
= ' . walls of the containers did not present a problem in the 7 ¢

“ some cases, however, crude extracts were injected directly
into a Varian Mode] 1500 gas chromatwraph coupled to

the mass spectrometer.
Radnoact:vxty was measured by liquid scumllahon

counting in a Packard Model 314-EX liquid scintillation

_counter (Packard Instrument Co., Downers Grove, Ill. Je
Preparation of Extracts. At neutral pH, ‘small

“'¢mounts of HCP can be absorbed from aqueous co!utlona o
outo gloss surfaces, ‘presumsbly because of the strong ten« '

dency of HCP for chelation (ndams. 1238). Such bmdmg
to glass could cause errors in analyzing low concentrations

. of HCP, particularly in solutions containing little silt or -

o-gamc matter Therefore, to help saturate any such HCP -

es of HCP. Because of the presence of organic matter and

L . case of sewage samples. Sewage was, therefore, collected
. directly without prerinsing in wide-mouthed jars. To help

_reduce the possibility of HCP contamination, all glass-
ware used in this study was. also_subjected to.a basic -

. methanol wash step as part of the normal dxahwashmg'

SR .“ RATEIS ,,_--. .:‘ 3’

procedure. : smareT

* " washed twice with 1IN NaOH and once with H,O; the

" and 2 X'20 ml with CHCl,. - : -
. The combined CHCl, fractxons aRer elther r_direct ex-

CHCly was discarded. The combined basic washings were
acidified with 4N H;SO, and then extracted 2 X 40 ml

s 3- .—- R E TR

traction or a basic wash step were dried with anhydrous
Na,SO¢ and then evaporated to dryness in vacuo at 20°C
to minimize any losses of volatile components. The resi-
dues were dissolved in 5 ml CH;Clz-methanol (5:1), ethe-

. real diazomethane was added, and the mixtures were al-
Jowed to stand for 30 min at room temperature. If the yel-

low color disappeared, additional diazomethane was
added. At the end of the methylation period, the samples
were evaporated to dryness in a stream of nitrogen, then
redissolved in benzene and, after drymg with Na;SO4.
made up to 5 ml in volumetric flasks. ... -5

Analyses. A 76-cm X 2-mm id. glass column packed

thh 7% QF-1 on Chromsorb W (high performance) 100/

'. 200 mesh was used to chromatograph HCP and PCP. The
~ injector temperature was 220°C, the column temperature
- was 125° or 196°C, and the detector temperature was .~
.. 230°C. Under the conditions employed, hexachlorophene ...
‘ d.unethyl ether had a retention time of approximately 6.1

min at 196°C while pentachlorophenol methyl ether

: showed a retention time of 1.5 min at 125°C. ..
- . Standard HCP and PCP solutions were methylated
. —' each day and aliquots then analyzed by gc. Peak areas
~ were measured by triangulation to prepare standard

curves that were linear in the range 10-200 pg HCP (as
" ‘the dimethyl ether) and 20-150 pg PCP (as the methyl
ether). All water and sewage samples were extracted and
analyzed in duplicate. These analyses agreed within
*3 2% and %8.1% for HCP and PCP, respect:vely .
Confirmation of Identity. A 5-gal sample of sewage in-’
ﬂ_uept estimated by gc to contain 931 ug HCP and 98.6 ug

water samplea were collected from_the Conalha Taylor_._._, ooo,_ 900

- « praviols wre' added ¥ 800 ‘mi of disthied water. After ac-u-ﬁcauon
. and extraction, analyses were made by gas chromatography.

. 104% and for PCP 103%. "o .

" sewage treatment plant. The sewage sample was acidified -

..with the same 200-ml portions of CHCl,. The combined.
“acidic extract was washed 1 twice with 0.2N NaOH and the'
: : ga=viz2e CHClg discarded. The basic extracts were acidified with

-« Sewage mﬂuent or effluent (100 ml) or 900 ml of river -
“water were” acidified with 4N H2SO, and extracted 3
times with 40-ml portions of CHCly. Sewage samples and
. an occasional water sample containing material interfer-

ing with ‘the gc analysis were also subjected to a basic -
" wash step. The CHCl; extracts from such samples were °

" ing zone (R, = 0.49) which moved with the standard . .

. origin of & 20-cm? silica’ ge] GF plate which was then de-’ - %
veloped in butanol-benzene—ammoma (1:1:1). The small -

Table |. Recovery cf Hexachlorophene and
Pentachicrophenol Added 1o Distilled Waler?

] HCP® PCP®
Corcen- Amouml _ Amount . Amount :
tralion, acded, " tound, Percent -~ found, " Percent -
ppb .. ng i, ®bg .. . recovery .- ng  recovery ':
e .0 2227 ... :
0.005 .. 45. 66,59 138
. 0.010. ;- 9.0. 108,84 . 107 -
Q020 .18 - 19.1,225 116 -
0.050 45 __49 5, 41 3 101
- 0.100 -7 90 3
.0.200 180 °*
"0 500 .- 450

.. b Average recoveries of HCP (axcapt for the O 005 ppb umpla) wam )

.‘1> . ; ‘, " . . . - =y .
PCP was co'!lected at the gnt chamber of the Conalhs

with HaSO4 and 2-liter batches were extracted three times

H2SO, and the scidic material was extracted three times
with CHCl,. Evaporation of the combined extract to dry-
ness in vacuo at 20°C gave 164 mg of material shown by g

. analysis to contain 596 ygof HCP and 41 ugof PCP. : . - -,
" - The entire acidic extract fractions were streaked at the PR
origin of two 20-cm? sheets of Mallinckrodt Chrom AR : .. |

1000 preparative thin-layer chromatography (tlc) support, .~
and the sheets then developed in benzene-acetic acid- - :

~water (2:1:1). A uv absorbing band (R, =,0.83), having

the same mobilities as the HCP and PCP standards was
cut out and eluted with 'CHCI; to yield 51 mg of purified
‘material, This fraction was streaked at the origin of a 20~ -
cm? preparative Chrom AR 1000 sheet developed in ben-
zene-butanol-ammonia (2:5:2). A uv absorbing band (R, - =
= 0.89) migrating with the HCP standard was cut from
the plate and eluted to-give 5 mg of material that, by g -
analysis, ‘contained 130 ug HCP. A small uy absorbing -
zone (R, = 0.50), having the same mobility as authentic .-
PCP, was also eluted to yield 10 mg of matenal that, ac- -
cording to gc analysis, contained 30 ug PCP.
The HCP fraction was further purified by tlc on & 10 X

l.. “ds

" 20-cm plate. made from silica gel GF (Bnn'kmann Instru-’

ment Co., Great Neck, N.Y.) and developed in butanol-
benzene-ammonia (1:1:1). Elution of the large uv absorb-

HCP, gave a purified fractmn suxtable _fox mass spect:rom- _

3N h-l»:.“--.-. 23 ,‘-,‘. ,._ v,

R Snnilar!y. ly. the’ crade PCP fractxon' was ‘sfreaked at ti:e

_".»--- o &

uv absorbing zone at R, = 0.18 was scraped from the plate

" and eluted to give a product’ tbat was utxhzed for mass ’

spectrographic analysis, = -:-30 R

- The HCP and PCP in aewage emuent were extracted

and purified in 8 similar manner except that initial tlc

occurred on a 20-cm? silica gel GF plate developed in ben-

zene-acetic acid-water (2:1:1) followed by subsequent

cleanup on a silica gel GF plate developed in benzene-buta-

nol-ammonia (1:1:1). Purified fractions contammg HCP

and PCP were obtained in this manner. . . ST
Willamette River water (111 liters), shown by gc ana!y-



)

. PCP in sewage influent (1-10 ppb added). : --.

:is to vontain 2.21 ug HCP and 27.6 ug PCP, was acidified
and extracted in 1.5-liter batches with 3 X 100-m! CHCly
to give a combined acidic extract weighing 7.1 mg and
containing 1.97 ug of HCP and 20.1 g of PCP. This mate-
rial was streaked at the origin of a single 20-cm? silica gel

. GF plate. The plate was developed in benzene-butanol-
emmonis (1:1:1). Fractions containicg the purified PCP
(uv absorbing zone R, = 0.25) and HCP (no uv absorp-’
tion, located by standard R, = 0.53) were eluted from the

p Iste and used for subsequent mass snalysis. .- i -

o - In addition, effluent water from the Corvalhs Tafylor
water plant, which takes raw water from the Willamette '
_River, was also extracted to recover HCP ‘and PCP. A

total of 135 liters of treated water ‘was’ acndxﬁed and
_su'bjected 1o extraction with CHCls, in 1.5-liter pottmna.

.. Purified. HCP and PCP. were then molated for_mass spec: -

Tabie Il. Concentration arnd Percent Remeval of
Hexachlorophene and Pentachicrophenol by the
Corvallis, Ore., Sewage Treatment Plant for
Seven Consecutive Days?® |

HCP. /24 nr® PCP. g/24 het
LT T 2T percent % Percent
- . Day Inﬂuent Emuent removal ° lnﬂueru Emuen} ‘removal
" Wednesday . 707, 175, 75.3 . 109.0° 519 “ 52.4 ..
- Thurscay - 604 163 1730 - 79.3} 38477 516
- Friday " .. 578 - 142 _.-'_75.4_ 70 Y217 B0
‘saturddy 7 5427 120 76.3 1 820 ’ 328 “60.0 =+
_ Sunday "7 368 - 922 (748 642 245
Monday i A22 C . )

t.mmetn aftertic' cleanup of the acidic extract. -

T AYETI AL AN
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AL least 90—95% recovenea of radloactmty were ob- "

. taxned in sewage and river samples spiked with 5 ppb
methylene-24C-hexachlorophene, indicating that no sig-
nificant losses of HCP occurred during the normal or basic

extraction procedure. Recoveries of HCP and PCP added

. to -distilled water at concentrations ranging between .
' soaps. deodorants, and other persona] care paeduct.s con-

0 005-5.0 ppb averaged 104 and 103%, respectively, when
“'the two, chlorophencls were- -analyzed by gc..(Table_I), .

" Recoveries were comparable whether the water samples ~ =
" were acidified and extracted immediately or after stand- _
ing for 2 hr in Pyrex containers, indicating that no appre-

" ciable binding of the phenols to glass occurred under these
conditions. Analysis of river water and sewage influent by
g¢, using the method of additions, also gave good recov-
eries, ranging between 78-103% for HCP and 85-104% for

PCP in river water (0.2-10 ppb chlorophenol added) and

94-114% for HCP (12.5-100 ppb added) and 89-102% for
“.The hourly concentrations of HCP and PCP entenng

the Corvallis sewage treatment plant on September 10,

'1969, are shown in Figure 1. Although the levels fluctu-
ated considerably, maximum influent concentrations of
HCP were attained at about 8-9 a.m. and again at 8 p.m.
Since the average transit tune from the pomt of dxscharge

Flguro 1 Hourly concentrations of hexachlorophene and penta-
chiorophenol in the Corvallns Ore., seuago mﬂuem on Septem-
beno 1969 . - .- .

= -, lnsct—lnﬂuent flow rates in million galions per day, mod -l

’~

9 Samples collected from September 24-30 1969.
:® Mean of duplicate dezerrnmatms. TR

" to the Corvalhs plant is a'bout 2 hr, great.est entxy of HCP -

into the sewage lines occurred between 6-7 a.m. and at 6 _
p.m. These periods appear to correspond to the most Iike-
ly time of the day when maximum home use of genmcxdal

_ took place during the daytime penod reflecting probable

industrial dzscharge of this chlorophenol. Minimum HCP

“and PCP levels’ were aftained from 2-6 a.m., “during the .

period of mxmmum ‘sewage ﬁow and actmty of the popu-
lation. S .

_ Analyses of . a composlte sample for the same 24-hr peri-
od obtained from" an ‘automatic sampling device at the"
Corvallis plant gave mean HCP and PCP concentrations
of 2211 and 4.3 ppb, respectively. When one takes into

",g TEormga e - s

account the average sewage flow for that day (5.75 million

gal), these concentrations corresponded to a daily dis-
charge from the city of Conalhs of about 482 grams of
HCP and 93.6 grams of PCP. - - E E

Suspended material was removed from an alnquot of the
sewage influent by centrifugation. Gc apalysis of this ma-
terial and the supernatant fraction showed that about 50%
of the HCP in the influent was associated with the sedi-
ment and 50% was in solution. Most of the PCP, on the

REE _;other hand, was in solution. Strong binding of HCP to
proteins’ hashen prevnously reported {Flores and Buh]er

--tq_ -

1972) ‘..- —'or Saw. :p _"," 7 . r--
“To examme tbe daily ﬂuctuatnons in total HCP and
PCP. jnput into a typical sewage treatment facility and

A\_J-

the efficiency of removal of the chlorinated phenols by the

plant, daily composite influent and effluent samples were

. . collected over a seven-day period from the Corvallis plant.
. "Analyses of these samples showed that daily HCP intake °
- ranged from 366—707 grams with the maximum occurnng

:* tquantities of PCP also appeared in the’ sewage mﬂuent on

the same date. After the midweek maximum, HCP and
- PCP concentrations gradually decreased to the Jowest lev-

els on Sunday and then gradually increased on Monday

and Tuesday. About 73% of the HCP and 59% of the PCP
entering the p]a.nt was removed dunng the t.reatment pro-
cess. ;

To help determme the most eﬂ' cient st.age for tbe re-
moval of chlomphenols from sewage, fractions were col-
lected at various steps during the secondary treatment
process in the Corvallis plant and analyzed for HCP and

__PCP (Table III) HCP t.o 71% and 4% of the PCP were

Volurne 7. Number 10, October 1973 831
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Table IV. Levels of Hexachlorophene and
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Tabte HI. Concentration and Fercent Removal of
Hexachlorophene and Pentachlorophenol at
Yarious Stages Within the Corvallis, -
Ore Sessage Treatment Plant?

'-___‘-,. . . . Concentration,

: ST LU eed
Stage sampied © 7 - “Time
L. ispamt &-"l"led’ HCP .
After grit chamber "
_ {infuent) - o _.9:_00 22 2. 0.
Atier primary clanher - 10:00 216 - -
Alertrickling filter 1 ¥ 10:30 . 6.4 -

©11:00 . 6.8 -
7 13:00 74'

@ Samples collecied on September 24, 1960,

Ater chiorination -

2200

= ¥ Sampled at the tires ndicated wcompensale lor ﬂow hmes

+ . Pentachlorophenol in 24-Hr Composne lnﬂuem

" and Effluent Samples and Calculated Total = -
Output from Corvallis, Eugene, and Salem. Ore., )
7 Sewage Treatmem Plantsa Tror e ¥

: lnﬂuonl Efﬂuenl. Percent Outpul. pop..

e . s Nppb' ppb' Jemoval g/zﬂv L 24hr_

T HCP COrvallls‘ =308+ 122 .. 604 .245 ;" 665 _ 7™
- - 20.0 56 721 " 244 ... 440 7

Corvallls" 14...10. 286\ 20 T
Eugene‘ Xk "33 (195 ,144 '.260 .
7 ssleme T ..‘.6, BUEZIA _267 338 -.:

‘e COIIeeted s-munaneously on November 13, 1969 e B e =

® Mean of duplicate extractions and anal : ;

" € Corvallis plant serves an approximate populatbon ol 36 800, |nﬂuem
ﬂov: 5.3 million gal/day on the date sampled. -

¢ Eugene plant serves an approximate pOpulanon ol 60 000 lnﬂuem

flow 12.5 miliion gal/day on the date sampled.

¢ Salem plant serves an approximate population of 80, ooo lnnuem
flow 21.25 million gal/day on the date sampled. .1~ ;- :

R e R

removed by the trickling filter suggesting that these com-
pounds were subject to consrderable b)ologlcal degrnda-
t‘on. LR B FL SRR B P N

- In addition, some chlomphenol was also adsorbed onto
digested sludge and ultimately removed for use as land
fill. Analyses of sludge samples by gc showed that they
contained about 6.7 ppb HCP on & wet basis or 137 ppb
HCP in a dried sample. By contrast, no detectable

i Bew aba LG, -

. amounts of PCP were found assoclated wnth the sewage

sludge. IR S :
It was of mterest to compare HCP and PCP levels en-

".* tering and leaving different sewage treatment plants to
_ stablxsh ‘'whether the results from~the Carvallis plant

= . were_ typical. Accordingly, 24-hr ‘compésite ‘influent and
%, effluent samples” were collected simultaneously from the -

Corvallis, Eugene, and Salem sewage treatment plants.
These three plants have secondary sewage treatment pro-
cesses that serve populations of 36,800, 60,000 and 80,000
people, respectively, and all discharge their effluents into
the Willamette River. Eugene is locatéd 47 miles up-
strearn and Salem 48 mxles downstream from the city of
Corvallis. - :
HCP concentrations in the influents were sumlar for the
three facilities (Table IV), but when flow was taken into
account, the input of HCP into the Salem plant was con-
siderably higher. The highest percentage (72%) of HCP
was removed by the Eugene plant while the Salem plant

300 12,1 597 973 | 1220_ I

-
- \.J ..4. -

Fogure 2. Hourly concentralaons of hexachlorophene and penta— )
. chlorophenol in the wmamette River on September 30, 1969

was “the least eﬁ' cxent (GO%) Release of HCP mto th

Willamette River was greatest from the Salem facility

even when calculated on a basis of per 10,000 population

_served. STIIEILATALG AHSSMILETIT R SR ESSTTAL

pe

- 'The influent concentration and total daily intake of
PCP were also highest in the Salem plant (Table IV).
'Most of the PCP entering the plant on this date, however,
was apparently not removed but instead was discharged
into the river. Total daily releases of PCP varied between

" 20 and 267 grams from the three plants, with Salem show-

ing the highest discharge on a 10,000-population basis. .-
One factor that may contribute to the differences in re-

moving the chlorophenols by the three sewage treatment
plants is the variable composition of the influent sewage.

Chemical composition of the sewage influent .varies with
such items as the time of day, the sources of industrial
wastes, and the season of the year and could influence the
treatment efficiency of the plant. These differences in
composition were reflected in marked variations in the
chromatographic patterns observed among the three cities
or between successive analyses of Corvallis sewage in-
fluent and effluent in the present study. -

- We have estimated the population served by sewage
treatment, plants that discharge into the Willamette River
upstieam from the city of Corvallis to be 104,000 people,
mainly concentrated upstream in the Eugene-Springfield

?area. If one assumes that the average 24-hr sewage output of

HCP is about 55 grams per 10,000 population (Table IV),

~ the upstream population can then be estimated todischarge .
an average of 573 grams of HCP to the Willamette River = '
every 24 hr.. At the time of these investigations, the Wil-

lamette River flow at Corvallis was 5800 ft3/sec. If one as-
sumes further that the sewage effluents from the up-
stream plants were thoroughly mixed into the river by the
time they reach Corvallis (some 47 miles downstream
from the principal upstream population center) and that

. insignificant degradation of this chlorophenol occurs dur-

ing its passage to Corvallis, one could then calculate the
theoretical HCP content of the river to be about 0.04 ppb.
Using similar assumptlons, one can estimate the concen-
tration of PCP m the W;.llamene vaer to be only 0.01

ppb.
l.evels of HCP and PCP present in the W:.llamette

Ladhi g &1 shadep RN T




River at Corvallis were analyzed hourly over a 24-hr perni-
od, and the results are shown in Figure 2. Levels of HCP
ranged between 0.01 and 0.2 ppb, with most values falling
in the range of 0.01-0.04 ppb. HCP is apparently fairly re-
sistant to degradation in the stream since the average
concentration of the chlorophenol in the water during this
time period was 0.04 ppb, in excellent agreement with the '
estimated  concentration at release. The unusually high
HCP concentration in the 10 p.m. sample is difficult to
understand since high levels were in both of the duplicate

:Lie;:;;p‘];s’ ter::xen egx:fa(:g?nz‘:tax?;]eyg:ﬁlbmfy o.f con . " Major peak assngnrents m/e 404 moiecular lon. 369 ioss of [o-H 334 -
During the same time period, the concentratio;szof PCP | :;s::g i%’uﬁ?gz;ﬁﬂfﬂ zéoa:\dmcg:' ig.al:‘;sc;ocf::og::s :(;as.
loss of CgHyOC!;: 196, loss of C;H;0C!,; 180, loss of CeH30Ct, and CO;
&mg)mﬁzevﬁl‘:riii l;:tre:?t! tg :f?) 1?}?“%;0 t{’g: _ - 173, loss of C‘H;OCI; andC! and 1m oj 'C“H;OGI; Cl,ana CO. .
--==z"the estimated value of 0.01 ppb, suggesting that either our £g :
“assumptions were wrong or that additional PCP was én-'
_ tering the Willamette River from sources other than mu- ™*
" micipal sewage. In this regard Rudling (1970) found PCP
levels as high as 9 ppb in water unmedxately downstream -
from a pulp mill releasing PCP in its effluent. A number 3
of paper mills, plywood mills and other industries in the : R N
Eugene-Springfield area that discharge their waste ef- % |- S
fluent directly into the Willamette River may thus pro- - - - S
vide additional sources of PCP input to the river. The -
" mean PCP concentration in the Willamette River samples’ - *:: °
analyzed during this period was 0.41 ppb.. On a basis of *: -
the 5800 ft3/sec river flow on that date, the total PCP - = Figure J.Mass specu-umofpentachlomphenol CeHOL0 i

- content in the Willamette River water passing Corvallis O ”810' peak assignments m/e: 264, molecular fon; 235, loss of CHO; -
. 228, loss ot CI; 201, loss of Ci and CHO:; 200, bsso!dandco 165 .-
dunng this 24-hr penod was calculated to be about 582 _ bso’zumdco mﬂo ,osso”awco.. b "

e e .-.,.,-4.;"..- L

The city of Con alhs obtams its dnnkmg water, in part,
by treatment of Willamette River water. To determine i _

whether significant amounts of these chlorophenols were - 'I'he lts of the present mvestzgatxon “were bas ed on -

still present in the finished water, the concentrations of _ -
o - - ge analyses of HCP and PCP. Although the water and -
HCP and PCP were analyzed at various stages of the sewage extracts contained peaks with the correct retention -

" treatment process. Analysis of an incoming raw river i .
water sample showed that it contained 0.03 ppb HCP and times for methylated HCP and PCP and addition of the -
authentic eompounds to extracts gave single symmetrical

0.17 ppb PCP, respectively (Table V). One third of the
i . s . . peaks, it is possible that other components of water or
HCP was removed during the Al>(SO,)s flocculation mdh_&é’ew"?ge, not related to HCP or PCP, might have identical

cating that an appreciable association of the HCP oc- . . . .

curred with particulate material. Nevertheless, about one Echrretentxon,h;nes ;m d, thl;ls.l_u:et;rfere with ;be analyses..

third of the HCP originally present in the river water re- omatograpy of unmethya water and sewage ex.

mained in the effluent from the water treatment process. tracts, however, did not yield any gc peaks in the region

PCP was also extensively removed from the incoming where methylated HCP and PCP are eluted. Moreover, it
_is highly unlikely that there would be one or more acidic |

:t?ltle:o::::g dt(l)’ %Gﬂ;;;ull)%;) ?Titg{:"?)m tl:.ae ﬁpmhed water components in water or sewage that could be methylated

¢ wiw... =3 toyield products with the same retention times as methy-
oy T o o s ez w0 lated HCP or PCP. In addition, aliquots of the sewage in-
cIe T e Ui o Tt resi 0L fluent and effluent extracts after methylatxon were also -
i - — S sublgcted to chromatography in & gas chromatograph
Table V. Concentration and Percent Removalof " <7-..% equipped with a microcoulometric detector, and the pres- -
" . Hexachiorophene and Pentachlorophenotat =~ - . ence of halogen was verified in the case of both peaks.” ~:-
e T - Final verification of the identity of HCP and PCP in

...~ Various Stages of the Water Treatment Processln
" Taylor Water Treatmem Plant forCityof -

: water and sewage, however, was obtained by mass spec-
trometry after purification of appropmte extracts by pre-
7 ‘parative tlc. Material purified in this manner was intro-
" duced into the probe assembly of the mass spectrometer
_and heated to 75°C for identification of HCP. The mass
Plaw Willamette Rivey |~ =L e g, e .. spectra of the HCP fractions from sewage influent and ef-
i enty | 8:00" 0.0 0.4 iR fluent, river water, and treated drinking water were iden-
A:;:::':uflaf;iot:; mep 827 002 006 38 88 tical fo the spectrum for authentic hexachlorophene (Fig-" ~
" Aher sedimentation  10:05 0.02 004 33 76 ure 3). This spectrum is characterized by a parent ion
Atrer filtration - o A peak.at m/e of 404 (19.7%) exhibiting a chara.ctenstlc 6
(final product) 10115 0.01 008 67 65 chlorine pattern (Beynon et al., 1968) and major 3 chlo-
* Samples coliscied on May 26 1970. - o ano:wf;nfdmfha; It?/e 0;2:;9 (61-‘5%)' I?logf’(“‘l;%n)e'sm‘lléﬁ
. : red - 1970. . Methylation of the various isolates yie!
lay .?:..’1"'3%'2’"«?:. :1' ;7%?%".'1‘/'%0:1 T:u;a Z’.Tn?;',:d"m&’.‘;"{,",‘im material with the mass spectral charactéeristics of HCP
plant. .o -z.erz o dimethyl ether with a 6-chlorine parent ion peak at m/e

'“'f’"" duplicate oxtractions and analyses. 432 (9.3%) and major 3-chlorine fragments at m/e 209

'l 'L L |



!

¢ (35.2%) and at m/e 223 (52.3%). In addition, the total
~&cidic extract from a sewage effluent sample, after a basic
wash procedure, was methylated and an aliquot injected
into 8 Varian Model 1400 gc (equipped with a 4 X %.in.
Pyrex column containing 7% DC-11 on 100/120 High Per-
formance W operated at 230°C) coupled to the mass spec-
trometer. The mass spectrum of the HCP dimethyl ether
peak was xdentxcal to that of the authentxc meth)Iated

phEDOL -._;"~ . \ . -..-....._ .
S"ﬂnﬂ’]). mass 8!1«’1)‘ ses Of PCP extracts from sewave, '{ Corvellis Taylor water treatment plant, for his fine coop- -
river water, and treated drinking water heated to 25°C in " -

the probe assembly yielded spectra identical to that for
" tke authentic PCP (Figure 4). These spectra contained a

" ‘number of typical multichlorine peaks representing frag-
. ‘ments formed by loss of Cl, CO, or CHO. Rudling (1970)_:

Ches” aIE_ employed mass spe?ﬁometry to establxsh the_

_presence of PCP in surface water samples.

The results of these mass spect.rograpluc studles have

" confirmed the gc evidence for the presence of HCP and
. PCP in Corvallis sewage influent and effluent, raw Wil-
lamette River water, and in finished water from the Cor-
vallis water treatment plant. The isolated materials ex-
hibited tlc properties and mass spectra that were ndentxcal
to those for authentic HCP and PCP reference standards.
These investigations have demonstrated the presence of

:'-.“sxgmf cant concentrations of HCP and PCP in municipal

“sewage, river water, and treated river water. Concentra-

 tions of these chlorophenols pmently occumng in Oregon

Robert A Hughes‘ and G. Fred Lee2 ‘ g
Umversnty of Wnscons:n Mad:son W|s 53706
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In the U.S., many northern. temperate zone. seej)age.
and drainage lakes are shallow, homothermal, nutrient-
rich bodies of water., As such, they can pose a serious
problem to those responsible for lake management. These
lakes usually support productive fisheries of high recrea-

. tional value, but maintaining the delicate balance be-

tween certain rough fish (buffalo, bullheads, and carp) or
stunted panfish and game fish is difficult. In general, at-
tempts to remove unwanted fish by physical methods
have not been successful because complete removal is pre--
cluded. Although partial removal may bring improve-
ment, this condition deteriorates owing to the prolific na-
ture of rough fish. In the attempt to overcome fish popu-

- lation deficiencies that have come about with and without
- . man’s interference, the practice of eradxcatmg fish in a
. leke by means of a chemical toxxcant, such as toxaphene, .
" and restocking with wanted species has often been ‘used.

In Wisconsin this practice provided opportumtnes to study
the decline of toxaphene concentrations in treated lakes,
to ‘monitor the extent of toxaphene residue uptake "by
stocked fish, and to compare the toxicity of “aged” toxa-

phene residues to that of the standard ‘mixture. Results of

suchastud) arepresented. | ' .
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, _cultural Chemistry, for running the mass spectra. E
" 5-chlorine parent ion peak at m/e 264 (65.8%) plus a large °

- Beynon, J. H.,

Deichmann, W., Machle, W., Kitzmiller, K. V. 'I'homas (- J
. __Pharm. Exptl Therap., 76,104 (1942), ‘-~ = rz-iiv wovmns
Flores, G., Buhler, D.R., Fed Proc., 31,520 (1972), -<:1= »- et

Health.

B Toxaphene Charactenstu:a .

" chemical referred to as chlorinated camphene, is prepared

sewage and water are not known but recent U.S. Food and
Drug Administration action to restrict the use of HCP
may have decreased the amounts of this chlorophenol
reachmg the aquatxc environment.
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General Characteristics. Toxaphene, an msectlcndal_

by agitating one part commercial camphene dissolved in
five parts of carbon tetrachloride and chlorinating with
chlorine gas under ultraviolet light for 30-35 hr until a
product with a chlorine content of 67-63% is obtained
(Buntin, 1851). The prepa.ratxon results in a complex,

' multlcomponent mixture with an empirical formula

C10H,0Cls. Vatious values ranging from 0.4 mg/l. (Cohen

“et al., 1960) to 3 mg/l. (Hercules, 1962) have been re-
'jported for water solubility of toxaphene. However, these = .

_values are probably high since Hughes (1968) determined =

. by extraction and gas chromatographxc {gc) analysis that - .

_toxaphene concentrations in filtered lake water never ex- - +-
- ceeded 37 ug/l. evén when the water was sampled shortly e

" after apphcatlon of a calculated 0.15 mg/1. dose. 7 --%il.-

Toxaphene Toxicity. Reported values of the toxncnty of
toxaphene to fish vary, probably because fish react differ-
ently in waters of different chemical composition and
temperature. By any estimation, “however, toxaphene
must be classed as an extremely potent poison for fish.
Henderson et al. (1959) lists its toxicity as second only to
endrin among the common chlorinated pesticides. Several
investigators have observed the gross effects of toxaphene
poisoning on fish (Tanner and Hayes, 1955; Ludemann
and Neumann, 1960; Workman and_ Neuhold, 1963).
Symptoms are fast, erratic swimming, occasional bump-






